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Severe forms of Covid-19 are related to thrombotic coagulopathy. Its pathogenesis involves the effect of the virus on the immune system and the downregulation of ACE2 that causes an increase in angiotensin II levels.Tissue factor is likely involved in this chain of events. Both proinflammatory cytokines and increased angiotensin II are known factors in its induction.

Introduction {#Sec1}
============

In December 2019, a new and highly contagious infectious disease emerged in the city of Wuhan, China \[[@CR1]\]. Some of the infected patients developed severe acute respiratory syndrome (SARS) and a systemic inflammatory response syndrome (SIRS) associated with high mortality \[[@CR2]\]. This disease rapidly disseminated worldwide and was declared to be a pandemic in March 2020 \[[@CR3]\]. The causative agent of the new disease, Coronavirus Disease-2019 (COVID-19), was isolated and identified as a novel coronavirus, now known as Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2). The pathway for virus entry into target cells is analogous to that used by epidemic SARS-CoV and includes a union between the viral surface S protein and its target membrane receptor, angiotensin converting enzyme 2 (ACE-2) that has been identified on cells of the respiratory epithelium \[[@CR4]\]. Triggers numerous immunological and inflammatory responses that promote distinct clinical manifestations of COVID-19 \[[@CR5]\]. The immune/inflammatory response may be self-limited in patients who experience mild symptoms and who have good prognosis after the infection. However, this response may be dysregulated in a smaller fraction of infected patients; these individuals progress to SARS and SIRS, both syndromes associated with a high mortality. Many of these patients develop COVID-19-associated coagulopathies, which include cerebrovascular accidents \[[@CR6]\], acro-ischemia \[[@CR7]\], disseminated intravascular coagulation \[[@CR8]\] and pulmonary thromboembolism \[[@CR9]\]. Aberrant laboratory values include prolonged prothrombin time (PT) and partial thromboplastin time (PTT), increased serum levels of [d]{.smallcaps}-dimer, low fibrinogen levels, and thrombocytopenia \[[@CR10]\]. Anti-phospholipid antibodies have also been reported \[[@CR11]\].

Underlying conditions and specific demographic characteristics have been associated with the likelihood of developing severe disease. Specifically, COVID-19 severity has been associated with older age and comorbidities including chronic obstructive pulmonary disease (COPD), cardiac failure, arterial hypertension, diabetes mellitus and/or smoking. Interestingly, these comorbidities have also been associated with overexpression of the ACE-2 virus receptor \[[@CR12]\].

Factors that include ACE-2 downregulation resulting in the accumulation of angiotensin II (AT-II) due to a reduced rate of cleavage to angiotensin 1--7 (Ang 1--7) \[[@CR13]\], and the humoral and cell-mediated hyper-immune proinflammatory responses \[[@CR14]\] reveal a role for tissue factor (TF) in promoting a hypercoagulable state.

The biological repercussions of ACE-2 overexpression, its downregulation in response to SARS-CoV-2 {#Sec2}
==================================================================================================

Overexpression of ACE-2 has been associated with older age \[[@CR15], [@CR16]\], COPD \[[@CR17]\], cardiac failure \[[@CR18]\], arterial hypertension \[[@CR19]\], diabetes mellitus \[[@CR20]\] and smoking \[[@CR21]\]. These observations parallel the known risk factors for severe disease associated with SARS-CoV-2. While this may facilitate amplification of the acute infection, ACE-2 may also be a central mediator of the host inflammatory response that has been implicated in the pathogenesis of severe COVID-19.

SARS-CoV-2 binds to and enters through cells that express ACE-2; this receptor has been identified on epithelial cells of alveoli including pneumocytes, resident macrophages and monocytes, as well as the bronchi, trachea and cardiomyocytes among others \[[@CR22]\]. Virus binding promotes an immediate down-regulation of this cell surface receptor \[[@CR23]\] followed by a secondary increase in levels of its endogenous substrate, AT-II. This acute increase in levels of AT-II may have direct implications for the immune, vascular endothelial and coagulation responses \[[@CR24], [@CR25]\].

Shen et al. \[[@CR26]\] explored the link between ACE-2 expression and immune regulation; similar events may be associated with the pathogenesis of COVID-19. Interactions between SARS-CoV-2 genomic RNA and Toll-like receptors (TLRs) 3 and 7 will signal an acute inflammatory response involving translocation of nuclear factor kappa B (NF-κB) and the interferon regulatory factors (IRFs) and ultimately resulting in the synthesis and release of proinflammatory cytokines including IL-1, IL-6 and TNF-α \[[@CR27]\]. This response promotes local influx of neutrophils and monocytes/macrophages to the alveoli and activation of the adaptive immune response. Lymphopenia associated with a dysregulation of the Th1/Th2 balance has also been identified in patients with severe SARS-CoV-2 infection. Overall, these responses contribute to the incipient cytokine storm that may be associated with macrophage activation syndrome \[[@CR28], [@CR29]\].

Accumulation of AT-II secondary to ACE2 downregulation may promote clot formation via interactions with endothelial cells and platelets \[[@CR30]\]; TF may be involved in this process \[[@CR31]\]. These findings may also be associated with additional prothrombotic events that have been identified in patients diagnosed with COVID-19, including increases in serum IL-6 which has characterized activities with respect to coagulation factors \[[@CR32]\] and platelets \[[@CR33]\]. T lymphocytes \[[@CR34]\] as well as the cytokines IL-6, and TNF-α may have direct roles in promoting microvascular damage associated with AT-II \[[@CR35], [@CR36]\].

TF overexpression in response to ACE-2 downregulation and its association with thrombosis {#Sec3}
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TF is a transmembrane protein that serves as a high affinity receptor and cofactor for coagulation factors VII and VIIa \[[@CR37], [@CR38]\]. Intracellular TF has been detected in approximately 1.5% of human CD14^+^ monocytes at homeostasis \[[@CR39], [@CR40]\]. Exposure to pathogens results in rapid and transitory overexpression of TF \[[@CR40], [@CR41]\]. In conditions such as systemic sepsis, monocytes and macrophages respond with increased synthesis and release of TF; these findings have been linked to impaired coagulation responses \[[@CR42]\]. As such, macrophage activation and the resulting increases in TF may work in tandem with ACE-2 downregulation and secondary accumulation of AT-II to promote dysregulated thrombosis. Platelets also express TF in in response to infectious states and can interact directly with monocytes and macrophages \[[@CR43]\]; similar findings have been reported in response to AT-II-mediated activation \[[@CR44], [@CR45]\].

Finally, it is critical to recognize the potential role played by antiphospholipid autoantibodies, including those that target cardiolipin and TNF-α induced β2 glycoprotein-1 \[[@CR46]\] among others \[[@CR47]\]. As observed in patients with Antiphospholipid Antibody Syndrome (APS), these autoantibodies are associated with elevated levels TF \[[@CR48], [@CR49]\], and can thereby contribute to thrombotic disorders. Antiphospholipid antibodies have been detected in patients with COVID-19; as such, similar clinical syndromes may result \[[@CR11]\].

Figure [1](#Fig1){ref-type="fig"} summarizes potential mechanisms that may promote thrombotic disorders in patients with severe COVID-19. A role for TF as a central mediator is depicted.Fig. 1Summary of the mechanisms potentially contributing to the prothrombotic state identified in patients with severe COVID-19. A role for TF is presented

Anti-thrombotic therapy in COVID-19 {#Sec4}
===================================

As noted above, coagulopathy is associated with a poor prognosis in severe SARS-CoV-2 infection; anticoagulant therapy may promote lower rates of mortality \[[@CR50]\]. Likewise, immunomodulatory therapy with systemic glucocorticoids or via administration of antibodies against the IL-6 receptor (i.e., tocilizumab), might be useful toward the prevention of thrombotic states; administration of anti-thrombotic drugs may also reduce systemic inflammation.

Another possibility to consider is the use of agents that prevent platelet aggregation. The therapeutic role of aspirin (acetyl salicylic acid) as an inhibitor of platelet thromboxane remains unclear. Aspirin may also limit expression of TF by inhibiting its synthesis \[[@CR51]\] and/or by facilitating production of a TF pathway inhibitor \[[@CR52]\].

Conclusion {#Sec5}
==========

Entry of SARS-CoV-2 into cells that express the ACE-2 can promote a massive response that includes both local and systemic inflammatory syndromes. Among the potential mechanisms, virus-mediated downregulation of ACE-2 can promote a secondary increase in AT-II and thereby promote overexpression of TF. TF may be associated with other mechanisms that function in parallel and ultimately promote dysregulation of thrombosis. Further studies are required to explore this hypothesis and to determine whether a focus on TF might be helpful in elucidating the pathogenesis of thrombosis associated with COVID-19.
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